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0 Method for one-side root pass welding of a pipe Joint 



@ A method for one-side root path wekJIng of a 
pipe joint comprises the steps of forming a ring 
groove having a V-shaped bottom portion thereof at 
end faces of both pipes whose joint is circumferen- 
tialiy welded, attaching a backing material (16) to a 
butt portion of the pipes from an intemal side of the 
pipes, running an automatic welding machine (1) 
along a guide rail (12) mounted on an outer surface 
of the pipes In the circumferential direction thereof, 
controlling a position of a welding torch (2) along a 



seam by means of an arc sensor, and welding root 
pass from the outer side of the pipes with a pre- 
determined welding current and at a welding speed 
in a high-speed rotating arc welding of the pipes at a 
predetermined rotational speed and with a predeter- 
mined diameter of rotation. The rotational speed of 
arc is from 10 to 150 Hz. The rotation-diameter of 
the arc Is from 1 to 4 mm. The welding current Is 
from 200 to 500 A. The welding speed Is from 75 to 
300 cm/mln. 
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The present invention relates to a metiiod for 
one-side root pass welding of a pipe joint in a pipe- 
laying work, 

A groove shape in a circunaferential butt weld 
of a pipe joint is generally formed as shown in 
Fig.1 (A). The pipe joint is welded as shown in 
Rg.1 (B). That is. root pass welding (I), hot pass 
welding (H), filler pass welding (F) and cap pass 
welding (C) of the pipe joint are carried out In this 
order. Rrstly. the root pass welding (I) is carried 
out by the use of an internal welding machine. A 
welding speed of the root pass welding (I) is about 
75 cm/min and weaving of a torch is not carried 
out Then, after the root pass welding (I) has been 
carried out, the hot pass welding (H) filler pass 
welding (F) and cap pass welding (C) are carried 
out in tills order from an outer surface of pipes with 
the use of an external welding machine. The weld- 
ing speed of the hot pass welding (H) is about 100 
cm/min and the weaving of the torch is not carried 
out The welding speed of the filter pass welding 
(F) and the cap pass welding (G) is about 30 to 
40cmAnin and the pipe joint is welded while the 
weaving of 6 to 7 mm corresponding to a width of 
the groove is being carried out. 

Since any weaving of a torch is not earned out 
during welding of the pipe joint by the root pass 
welding and the hot pass welding in the above- 
described prior art, a seam tracking control of 
welding cannot be carried out with the use of arc 
sensors. Accordingly, time and labour are required 
to adapt a welding torch of a welder to the center 
of a groove of the pipe joint. Moreover, defects are 
liable to occur In a bead of the root and hot pass 
due to such factors as a propensity of wire to bend 
and enors of the torch in pointing at positions. 

Welding current Is limited to about 200 A in the 
prior art root pass welding. Because a shape of a 
bead becomes convexed particularly in a position 
of the torch pointing upward at the time of using 
electric current higher than 200 A since any weav- 
ing of a welding torch cannot be applied. Accord- 
ingly, welding of the pipe joint has been regarded 
as impossible at a higher speed. 

An automatic seam, tracking control by the use 
of the arc sensors Is carried out as follows: 

(a) Uake the welding torch weave In the 
groove in the direction of the groove width. 

(b) Detect the deviation of the welding torch 
by detecting the waveforms of welding current and 
arc voltage. 

(c) Track the welding seam automatically by 
correcting the torch position on the basis of the 
Infomnation of (b). 

Since a vibrating weaving method is adopted In 
the prior art arc sensors. It Is difficult for the 
weaving frequency to exceed 10 Hz because of 
mechanical limits such as vibration, backlash or the 



like. Due to the limitation of the weaving frequency, 
a welding speed applicable from a viewpoint of 
responsiveness of the arc sensors and shapes of 
beads is limited. The automatic seam tracking con- 
5 trol cannot be applied at a welding speed of 75 
cm/min in the prior art root pass welding. 

It Is an object of the present invention to In- 
crease a welding speed of a root pass welding and 
to secure a stability of weld quality during a cir- 
10 cumferential butt welding of a pipe Joint 

To accomplish the above-mentioned object, the 
present invention provides a method for one-side 
root path welding of a pipe joint comprising the 
steps of: 

76 forming a ring groove having a V-shaped bottom 
portion thereof at end faces of both pipes whose 
joint is crrcumfereniially welded; 
attaching a backing material to a butt portion of the 
pipes from an Intemal side of the pipes; 
20 running an automatic welding machine along a 
guide rail mounted on an outer surface of the pipes 
In the circumferential direction thereof; 
controlling a position of a welding torch along a 
seam by means of an arc sensor: and 
25 welding root pass from the outer side of the pipes 
with a predetermined welding current and at a 
welding speed In a high-speed rotating arc welding 
of the pipes at a predetermined rotational speed 
and with a predetermined diameter of rotation. 
30 The above objects and other objects and ad- 
vantages of the present Invention will become ap- 
parent from the detailed descripttion which follows, 
taken in conjunction with the appended drawings. 
Fig.1 (A) Is an enlarged sectional view of the 
35 prior art groove shape; 

Rg.1 (B) is a schematic illustration showing 
a state of a buid-up weld of the prior art groove; 

Fig.2 is a schematic illustration of an auto- 
matic welding machine used for a welding method 
40 of the present invention: 

Flg.3 (A) and (B) are enlarged sectional 
views of groove shapes of the present Invention; 

Fig.3 (C) is a schematic illustration showing 
a state of a buid-up weld in case of the groove of 
45 the present Invention; 

Fig.4 (A) and (B) are schematic illustrations 
showing a state of a root gap and a dislocation 
between both pipe plates; 

Fig.5 is a diagram of pulse waveforms of 
50 welding current of the present invention; 

Fig.6 (A) to (F) are diagrams showing the 
relationship between a position of pulse and a 
position of rotation of arc; 

Fig.7 is a circuit diagram of a pulse synchro- 
55 nizing control used for a controlling method of the 
present invention; and 

Rg.8 is a timing chart showing movements 
of controlled waveforms of Rg.7. 
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In this method, since a rotating weaving of arc 
is carried out at a high rate of 10 to 150 Hz/sec, an 
automatic seam tracking with the use of arc sen- 
sors can be applied in a high speed weiding at 75 
to 300 cm/min. Since the automatic seam tracking 
Is carried out, positions of a weld torch are roughly 
determined in a short time. Defects in a weld are 
not produced by the deviation of the torch position. 

IVIoreover, since pressure and heat input of arc 
are dispersed by a high-speed rotation of the arc, a 
surface shape of bead is made unlfomn. In con- 
sequence, a good shape of bead can be obtained 
even at the high welding speed of 75 to 300 
cm/min. 

That is, in the circumferential butt welding of a 
pipe joint, the rotation frequency of the arc can be 
easily increased and the arc can be let to tracl< a 
V-shaped ring groove automatically In a bottom 
portion which is formed at end faces of the pipes. 
Accordingly, when the pipe joint is welded under 
the work of the high-speed rotation arc sensor with 
the rotating frequency of the arc of 10 to 150 1-lz 
and with the rotating diameter of the arc of 1 to 4 
mm while running an automatic welding machine 
alopg a circumferential guide rail mounted by a 
tack weld on the outer surface of the pipes, a 
circumferential root pass welding of the pipe joint 
can be carried out in all positions thereof. More- 
over, a normal back bead is formed in the root 
pass welding of the pipe joint by the use of back- 
ing materia! with high welding current of 200 to 500 
A and a high welding speed of 75 to 300 cm/min 
can be realized. Further, the pipe joint can be 
welded continuously, being followed by the succes- 
sive filler pass and cap pass weldings, with the root 
pass welding as a basis. 

The rotation frequency of said arc is desired to 
be 30 to 150 Hz. When the ratation frequency is 30 
Hz or more, the effect of a high frequency roatation 
of the arc appears remarkably. The welding cunrent 
Is desired to be 250 to 500 A. The welding speed 
Is desired to be 150 to 300 cm/min. 

Rg.2 Is a schematic illustration of an automatic 
welding machine used for a method of the present 
invention. Weiding jnachine 1 runs along circum- 
ferential guide rail 12 mounted by a tack weld on 
an outer surface of pipe 10. Weiding torch 2 fixed 
to the welding machine 1 is made to rotate by 
motor 3 by means of gear mechanism 4. The weld 
torch 2 is supported by means of x-axis slide block 
5 movable in the direction of a width of groove 14 ( 
X-axis and y-axis slide block 6 movable in the 
direction of torch height ( y-axis ). Rotation fre- 
quency N of the torch 2 is the rotation frequency of 
the arc. and a rotating speed and a rotation posi- 
tion of the arc are detected by a rotation frequency 
detector ( not shown ). A resistance welding tip is 
fixed to the torch 2. Welding wire 7 is automatically 



fed. In this way. the rotating arc welding is carried 
out at a high speed. Reference numeral 16 denotes 
a backing material such as copper plate or the like 
which is attached to a bottom portion of a weld 

5 from the reverse side of the weld. The welding wire 
of 0.8 to 1.6 mm in diameter is used. 

Fig.3 (A) and (B) are enlarged sectional views 
of groove shapes used for executing the method of 
the present invention. Groove shape 14 is formed 

10 so that bottom portion 14a of a groove can be V- 
shaped and side portion 14b of the groove can be 
straight, inclination e of the bottom portion 14a is 
30 to 60* . Dimension "a" is 1 to 2 mm. Width of 
groove "b" is 10 mm or less for a pipe with wall 

75 thickness "t" of 8 to 25 mm. Small groove 14c as 
shown in Rg.3 (B) can be made on the inner side 
of a pipe having groove 14. 

The following are realized by the welding torch 
2 shown in Fig.2 under the work of the rotating arc 

20 sensor by forming a V-shaped bottom portion of 
the groove 14. Firstly, the welding torch can be 
made to accurately track the center of the bottom 
portion 14a with a definite length of the arc. Sec- 
ondly, an outer hot pass welding H following root 

25 pass welding 17 can be canied but circumferen- 
tially in all positions. Thirdly, back bead 18 can be 
normally made simultaneously with the root pass 
welding 17. 

The above-mentioned example will be de-* 

30 scribed specifically. The root pass welding 17 was 
carried out under the following conditions by the 
use of solid wire of 0.9 mm in diameter and a 
smooth shape of a bead could be obtained 
Rotation frequency N of arc : 50 Hz 

35 Rotation diameter D of arc : 2 to 3 mm 
Welding current la : 300 A 
Welding speed v : 2.0 m/min 
Shieling gas : 100% COa 

Subsequentiy, in case filler pass welding F and 

40 cap pass welding C are cam'ed out on the root 
pass 17 in build-up sequence, when the pipe joint 
is welded under the work of the rotating arc sen- 
sors on the basis of the root pass 17, the circum- 
ferential butt welding of tiie pipe joint can be car- . 

45 ried out at a high speed. Accordingly, according to 
the method of the present invention, a period of a 
pipe-laying work can be reduced to about 1/4 to 
1/2 compared with tiiat in tiie prior art method and 
equipment and the number of laborers can be 

50 greatly decreased. 

As shown in Rg.4 (A) and (B), in a circum- 
ferential butt joint of a pipe, occurrence of root gap 
(G) and dislocation between both pipe plates (J) 
cannot be avoided in welding at a site. There are 

65 required welding procedures which generally allow 
a root gap of 1.0 mm at its maximum and a 
dislocation between botii pipe plates of 1.6 mm at 
its maximum. However, welding current and weld- 
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ing speed are limited due to such root gap and 
dislocation between both pipe plates. 

In Preferred Embodlnnent-2. there is used a 
control method wherein a peak position of a pulse 
welding cun'ent waveform is synchronized with an 
optimal position of arc. A pulse and a synchronized 
position of rotation of the arc are controlled. The 
synchronized position of the arc is detemnined by 
controlling conditions of the pulses such as peak 
welding current and pulse welding current 
waveforms. 

In a pulse arc welding having a pulse welding 
current wavefomn as shown in Rg.5, it is necessary 
to generate arc symmetrically relative to rotation of 
arc to exactly carry out a seam tracking control by 
the use of rotating arc sensors. Methods of deter- 
mining pulse cycles of peak current Ip comprise 
methods of one dividing, two dividings and four 
dividings. Rg.6 (A) an (B) show a method of one 
dividing. Fig.6 (C) and (D) show a method of two 
dividings. Rg.6 (E) and (F) show a method of four 
dividings. Position (Tp) of the pulse can be set at 
any position of the rotation of arc. in the case of 
the one dividing, for example^ the pulse can be 
generated at a forward position C| or a rear position 
Cr in the welding direction WD. in the case of the 
two dividings. the pulse can be generated at posi- 
tions Cf and Cr or at positions L and R. In the case 
of the four dividings. the pulse can be generated at 
positions Cf. Cr. 1-and R or at intermediate positions 
among those positions. 

. Values of average welding current la. peak 
welding cunrent Ip, base welding current Ib and 
cycle of pulse Ib as shown in Rg.5 are freely 
changed dependent on welding conditions. In case 
a position of pulse is set at position Ct correspond- 
ing to one dividing, for example, peak cun'ent Ip is 
elevated by lowering base current is. A degree of 
elevating the peak current Ip, for example, is deter- 
mined by detecting arc voltage at position Cf. The 
shapes of back bead are exactly controlled by 
controlling the pulse in such a manner. A bead 
shape of a root pass becomes smooth under the 
effect of the high-speed rotating arc sensors and 
the high-speed welding with the use of high weld- 
ing current can be realized. IVIoreover. since a pipe 
Joint can be continuously welded by successively 
carrying out a filler pass welding and a cap pass 
welding on the basis of the root pass welded in this 
way. Therefore, time for welding can be reduced. 

An automatic welding and a groove shape used 
for Preferred Embodiment-2 are the same as those 
of Figs. 2 and 3 shown in Preferred Embodiment-1 . 

Rg.7 shows a circuit diagram of a pulse control 
used in the present invention. Fig.8 is a timing 
chart designating a working principle of a control 
wavefomn In a pulse control circuit. 

In Rgs.7 and 8, pulse welding cunrent 51 of the 



pulse welding power source 1 is. for example, 
made to be two dividings by divider 22 in accor- 
dance with a predetermined dividing instruction. A 
divided waveform 52 Is inputted into a puise-syn- 

5 chronizing control circuit 23. A rotating position 
signal 53 and a rotation frequency signal C| of 
welding torch 2 are inputted into phase-adjusting 
device 26 by means of rotating position signal 
generator 24 and encorder 25. Arc rotating position 

10 signal 54 is inputted from the phase-adjusting de- 
vice 26 into pulse-synchronizing control circuit 23. 
Welding cunrent pulse 51 is not synchronized with 
arc rotating pulse 54. To synchronize the welding 
current pulse with the arc rotating position signal. 

75 the pulse welding current is converted to 
waveforms 53' and 54' obtained by adjusting the 
phase and the rotation frequency. Subsequently, a 
position of peak cun'ent pulse is made to coincide 
with position Cf by causing control waveform 53" to 

20 shift by means of a delay circuit. 

Rotating driver 28 is controlled by signal 53" 
synchronized in this way. Subsequently, rotating 
motor 3 is driven by a signal from rotating driver 28 
and the rotation frequency of the welding torch is 

25 controlled. Referential numeral 29 denotes a rotat- 
ing detector of the motor and the signal of the 
rotating detector is transferred back to the rotating 
driver 28. 

A specific example will be described below. 

30 Solid wire of 0.9 mm in diameter was used. When 
root pass welding 17 was carried out under the 
foltowing conditions, back bead 18 of a good shape 
was obtained. A smooth bead of the root path, of 
course, was obtained. 

35 Rotation frequency N of arc : 50 Hz 
Rotating diameter D of arc : 2 to 3 mm 
Average welding current la : 300 A 
Peak current Ip : 420 A 
Base current 1:b 180 A 

40 Pulse cycle : 10 ms 

Welding speed v : 2.0 m/min (2 dividings) 
Shieling gas : 100 % CO2 gas 

Since filler pass weilding F and cap pass weld- 
ing C can be continuously carried out in buid-up 

45 sequence on the basis of the root pass 17, a 
circumferential butt welding of a pipe joint can be 
carried out at a high speed of 300 cm/min. 

As described above, according to Preferred 
Embodiment-2, a hot pass welding can be carried 

60 out only from an outer surface of pipes by the use 
of a rotating arc sensor method. Moreover, since 
the back bead can be normally made simulta- 
neously with the hot pass welding, the circumferen- 
tial butt welding of a pipe joint can be easily and 

55 rapidly carried out in a pipelinerlaying work. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 
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Claims 

1. A method for one-side root path welding of a 
pipe joint comprising the steps of: 

forming a ring groove having a V-shaped bottom 
portion thereof at end faces of both pipes whose 
joint is circumferentially welded; 
attaching a backing material (18) to a butt portion 
of the pipes from an internal side of the pipes; and 
running an automatic welding machine (1) along a 
guide rail (12) mounted on an outer surface of the 
pipes in the circumferential direction thereof; 
characterized by comprising the steps of: 
controlling a position of a welding torch (2) along a 
seam by means of an arc sensor; and 
welding root pass from the outer side of the pipes 
with a predetermined welding current and at a 
welding speed in a high-speed rotating arc welding 
of the pipes at a predetermined rotational speed 
and with a predetermined diameter of rotation. 

2. The method of claim 1, characterized in that 
said rotational speed, of arc is from 10 to 150 
Hz;and said rotation diameter of the arc is from 1 
to 4 mm. 

3. The metiiod of claim 1 , characterized in that 
said high-speed rotation arc welding includes using 
a welding wire of 0.8 to1.6 mm. 

4. The method of claim 1, characterized in that 
said welding current is from 200 to 500 A; and 
said welding speed Is from 75 to 300 cm/min. 

5. A method for one-side root path welding of a 
pipe joint comprising the steps of: 

fomiing a ring groove having a V-shaped bottom 
portion thereof at end faces of both pipes whose 
joint is circumferentially welded; 
attaching a backing material (16) to a butt portion 
of tiie pipes from an internal side of the pipes; 
running an automatic welding machine (1) along a 
guide rail (12) mounted on an outer surface of the 
pipes in the circumferential direction thereof; and 
characterized by comprising the steps of: 
controlling a position of a welding torch (2) by 
means of an arc sensor; and 
welding root pass from the outer side pf the pipes 
with a pulse current in a high-speed rotating arc 
welding of the pipes at a predetermined rotational 
speed and with a predetermined diameter of rota- 
tion, an average welding current and a welding 
speed being predetermined. 

6. The method of claim 5, chartacterized in that 
said rotational speed of arc is from 10 to 150 
Hz;and 

said rotation diameter of arc is from 1 to 4 mm. 

7. The metiiod of claim 5, characterized in that 
said welding current is from 200 to 500 A; and 
said welding speed is from 75 to 300 cm/min. 

8. The method of claim 5, characterized in that 
said welding has a control of synchronizing a peak 



position of pulse cunrent waveform with any posi- 
tion of tiie rotation of the arc. 

9. The method of claim 8, characterized in that 
said control of synchronizing the peak position of 

5 the pulse current wavefomn includes synchronizing 
in one dividing. 

10. The method of claim 8, characterized in 
that said control of synchronizing the peak position 
of the pulse cunrent waveform includes synchroniz- 

10 ing in two divldings. 
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